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VISCOUS FLUID COUPLING WITH DRAGGING ROTATION 
REDUCTION ARRANGEMENT 

CROSS REFERENCE TO RELATED APPLICATIONS 

[0001] This is a continuation of United States Patent Application No. 
10/205,450, filed July 26, 2002, which is a divisional of United States Patent 
Application No. 09/864,214, filed May 25, 2001, which is a continuation of United 
States Patent Application No. 09/288,716 filed on April 9, 1999 in the name of 
Hirofumi KATOH et aL, now United States Patent No. US 6,305,519 B1 issued on 
October 23, 2001 in the name of KATOH et al., the entire contents of which are 
incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] The present invention relates to a viscous fluid coupling adapted to 
drive an accessory device, such as a cooling fan, of an internal combustion engine. 

[0003] Japanese Utility Model Provisional Publications Nos. 57-204491 
and 3-77825 disclose a viscous fluid coupling adapted to a cooling fan for an 
internal combustion engine. As shown in Figs. 21 and 22, this conventional 
viscous fluid coupling 100 includes a housing 104 relatively rotatable with a drive 
shaft 102, an operation plate 108 dividing a space in the housing 104 into a 
reservoir 105 and an operation chamber 106, a rotor 109 disposed in the operation 
chamber 106 and fixed to the drive shaft 102 and a valve mechanism 111 
disposed at an outer peripheral portion of the rotor 109. The housing 104 is 
constituted by a housing body member 121 supported by the drive shaft 102 and a 
cover member 122 fixed to the housing body member 121. The cover member 
122 includes a circular recess portion 123 for defining the operation chamber 105 
and a ring-shaped flange portion 125 having a return passage 124. The operation 
plate 108 is made of metal and formed into a disc shape. The operation plate 108 
is connected to the flange portion 124 of the cover member 122 by means of 
caulking so as to close an opening of the recess portion 123 of the cover member 
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122. A torque transmitting section 110 is constituted by a plurality of annular 
projections 127 concentrically formed on the cover member 122 and a plurality of 
annular projections 128 concentrically formed on the rotor 109 so that the annular 
projections 1 27 and 1 28 are overlapped with each other. 

[0004] When the ambient temperature around the housing is low, the 
communication hole 107 formed on the operation plate 108 is closed by the valve 
mechanism 1 1 1 to stop the flow of the viscous fluid from the reservoir 105 to the 
operation chamber 106. Therefore, the torque transmission amount from the rotor 
109 to the housing 104 is lowered to stop or rotate a cooling fan in low speed. 
When the ambient temperature around the housing is high, the communicated hole 
is opened by the operation of the valve mechanism 1 1 1 to allow the viscous fluid 
to flow from the reservoir 105 to the operation chamber 106. Therefore, the 
torque transmission amount from the rotor 109 to the housing 104 is increased to 
rotate the cooling fan at high speed. 

[0005] However, this conventional viscous fluid coupling 101 encounters 
drawbacks. For example, since the torque transmitting section 110 is formed by 
locating the annular projections 127 and the annular projections 128, adjacent to 
each other it is necessary to locate the torque transmitting section 1 10 on an outer 
peripheral portion of the cover member 1 22. That is, because the operation plate 
108 is installed at a central portion of the cover member 122, it is impossible to 
locate the annular projections 1 27 at an inner position corresponding to the 
operation plate 108. 

[0006] Further, since the torque transmitting section 1 1 0 is formed at an 
outer side as compared with an inner surface defining the reservoir 105, that it, 
since the reservoir 105 is located at a height which is (gravitationally) lower than 
that of the torque transmitting section 110, the torque transmitting section 110 
becomes dipped in (viz, becomes at least partially immersed in or coated with) the 
viscous fluid when the engine stops. This dipping of the torque transmitting 
section 110 generates a dragging-rotation phenomenon of the cooling fan when the 
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engine is started. Although Japanese Utility Model Provisional Publications Nos. 
59-128933 and 1-83925 have proposed another conventional viscous fluid 
coupling arranged to prevent such a fan dragging-rotation phenomenon, this 
conventional viscous fluid coupling has generated another problem that the utility 
of the viscous fluid is degraded. 

SUMMARY OF THE PRESENT INVENTION 

[0007] A viscous fluid coupling according to the present invention is 
connected to an engine. The viscous fluid coupling comprises a drive shaft 
connected to a rotation shaft of the engine. A housing is rotatably supported to 
the drive shaft. An operation plate is set in the housing so as to divide a space 
defined by the housing into a reservoir and an operation chamber. The operation 
plate has a communication hole communicating the reservoir and the operation 
chamber. Viscous fluid is stored in the reservoir and the operation chamber. A 
rotor is disposed in the operation chamber and is fixed to the drive shaft. A valve 
mechanism closes and opens the communication hole according to ambient 
temperature of the housing to control a flow rate of the viscous fluid from the 
reservoir to the operation chamber. A driven wheel is fixed to the housing so as to 
be located between the operation plate and the rotor. A torque transmitting 
section includes a plurality of first annular projections concentrically formed on an 
outer peripheral portion of the driven wheel and a plurality of second annular 
projections concentrically formed on an outer peripheral portion of the rotor. The 
first annular projections are overlappedly adjacent to the second annular projections 
so as to be fluidly coupled with each other through the viscous fluid. 

BRIEF DESCRIPTION OF DRAWINGS 

[0008] In the drawings, like reference numerals denote like parts and 
elements throughout all figures, in which: 

[0009] Fig. 1 is a cross-sectional view of a viscous fluid coupling of a first 
embodiment according to the present invention; 
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[0010] Fig. 2 is an enlarged cross-sectional view of an essential portion of 

Fig. 1; 

[0011] Fig. 3 is a plan view of an operation plate employed in the first 
embodiment of Fig. 1; 

[0012] Fig. 4 is a plan view showing a first surface of a driven wheel 
employed in the first embodiment; 

[0013] Fig. 5 is a plan view showing a second surface of the driven 

wheel; 

[0014] Fig. 6 is a cross-sectional view taken in the direction of section 
line VI-VI of Fig. 5; 

[0015] Fig. 7 is a plan view showing a modification of the driven wheel of 
the first embodiment; 

[0016] Fig. 8 is a plan view of the rotor of the first embodiment. 

[0017] Fig. 9 is a cross-sectional view taken in the direction of the arrows 
IX-IX of Fig. 8; 

[0018] Fig. 10 is a cross-sectional view of first annular projections of the 
rotor employed in a second embodiment; 

[0019] Fig. 1 1 is a cross-sectional view of the viscous fluid coupling of 
the third embodiment according to the present invention; 
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[0020] Fig. 1 2 is an enlarged cross-sectional view of an essential portion 
of Fig. 1 1 ; 

[0021] Fig. 13 is an enlarged cross-sectional view of an essential portion 
of the fluid coupling of a fourth embodiment according to the present invention; 

[0022] Fig. 14 is an enlarged cross-sectional view of the first and second 
annular projections of the fourth embodiment; 

[0023] Fig. 15 is an enlarged essential portion of the fluid coupling of a 
fifth embodiment according to the present invention; 

[0024] Fig. 16 is an enlarged cross-sectional view of the first and second 
annular projections of the fifth embodiment; 

[0025] Fig. 1 7 is an enlarged cross-sectional view of an essential portion 
of a modification of the fifth embodiment according to the present invention; 

[0026] Fig. 1 8 is an enlarged cross-sectional view of an essential portion 
of another modification of the fifth embodiment according to the present invention; 

[0027] Fig. 1 9 is an enlarged cross-sectional view of an essential portion 
of another modification of the fifth embodiment according to the present invention; 

[0028] Fig. 20 is an enlarged cross-sectional view of the first and second 
annular projections of another embodiment according to the present invention; 

[0029] Fig. 21 is a cross-sectional view of a conventional viscous fluid 
coupling; and 
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[0030] Fig. 22 is an enlarged cross-sectional view of a portion of Fig. 21 . 
DETAILED DESCRIPTION OF THE INVENTION 

[0031] Referring to Figs. 1 to 9, there is shown a first embodiment of a 
viscous fluid coupling 1 according to the present invention. The viscous fluid 
coupling 1 is adapted to drive a cooling fan (not shown) of an internal combustion 
engine E. The viscous fluid coupling 1 comprises a housing 4 which is rotatably 
supported to a drive shaft 2 through a bearing 3, an operation plate 8 for 
controlling a fluid communication between a reservoir 5 and an operation chamber 
6 defined in the housing 4, a rotor 9 installed in the operation chamber 6 and 
fixedly connected to the drive shaft 2, a torque transmitting section 10 and a valve 
mechanism 1 1 for controlling a flow rate of viscous fluid flowing from the reservoir 
5 to the operation chamber 6. 

[0032] The torque transmitting section 10 includes a plurality of first 
annular projections 13 concentrically formed on an outer periphery portion of a 
driven wheel 1 2 facing with the rotor 9 and a plurality of second annular 
projections 14 formed on the rotor so as to be overlappedly or engagedly adjacent 
to the first annular projections 13 of the driven wheel 12. The torque transmitting 
section 10 is arranged so that a part of the torque transmitting section 10 is 
located inside of an inner surface 5a of the reservoir 5 with respect to a center axis 
C of the viscous fluid coupling 1 . The viscous fluid is sealingly stored in the 
reservoir 5 and the operation chamber 6, and the torque transmitting operation at 
the torque transmitting section 10 is executed through the viscous fluid. 

[0033] The housing 4 includes a housing body member 21 which is 
rotatably supported by the drive shaft 2 and a cover member 23 which is installed 
on a front portion of the housing body member 21 by means of bolts 22. The 
cover member 23 includes a circular recess portion 24 for defining the reservoir 5 
and a ring-shaped flange portion 26 having a return passage 25 for returning 
(draining) viscous fluid from the operation chamber 6. The flange portion 26 is 
formed at a peripheral side with respect to the circular recess portion 24. The 
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operation plate 8 is installed to the flange portion 26 so as to close the recess 
portion 24. 

[0034] As shown in Fig. 3, the operation plate 8 is made of metal and is 
formed into a generally disc shape. The first and second holes 7 and 7A are 
formed on the operation plate 8 so as to fluidly communicate the reservoir 5 and 
the operation chamber 6. As shown in Fig. 2, the outer peripheral portion of the 
operation plate 8 is fixedly connected to the flange portion 26 of the cover 
member 23 through four caulking portions 27 by means of caulking so as to close 
an opening of the recess portion 24 of the cover member 23. The four caulking 
portions 27 are formed on the flange portion 26 at equal intervals. 

[0035] A first surface of the operation plate 8 is faced with the reservoir 5 
and is partially covered with a valve plate 51 of a valve mechanism 1 1. The valve 
plate 51 is arranged to open and close the first and second holes 7 and 7A of the 
operation plate 8. A second surface of the operation plate 8 is faced with the 
operation chamber 6 and is connected to a driven wheel 1 2. More specifically, the 
driven wheel 1 2 is overlapped on the second surface of the operation plate 8 and is 
fixed to the cover member 23 by means of a plurality of bolts 28. 

[0036] As shown in Fig. 4, formed on a surface of the driven wheel 12 
covering the operation plate 8 are a recess portion 31 for engaging the caulking 
portion 27, first and second sector-shaped auxiliary chambers 32 and 32A 
communicated with the first and second holes 7 and 7A respectively, and first and 
second passages 33 and 34 communicating the first and second auxiliary chambers 
32 and 32A with the torque transmitting portion 10. 

[0037] The recess portion 31 is formed circular in shape. When the 
driven wheel 1 2 is set on the operation plate 8 during assembly steps, the caulking 
connecting portion 27 are set in the recess portion 31 so that the second surface 
of the operation plate 8 is fitted with the driven wheel 12. The driven wheel 12 is 
set on the operation plate 8 so that the first and second auxiliary chambers 32 and 
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32A are located at the positions of the first and second holes 7 and 7A. The first 
and second auxiliary chambers 32 and 32A are formed such that cross-sectional 
areas of them are greater than those of the first and second holes 7 and 7A. This 
arrangement functions to smoothly flow the viscous fluid from the holes 7 and 7A 
to the torque transmitting section 10. The first passage 33 includes a first passage 
portion 33A through which the viscous fluid flows from the first hole 7 to the outer 
peripheral portion of the driven wheel 12, and a first passage portion 33B formed at 
a tip end portion of the first passage portion 33A. The second passage 34 includes 
a second passage portion 34A through which the viscous fluid flows from the first 
hole 7 to the outer peripheral portion of the driven wheel 1 2, and a second passage 
portion 34B formed at a tip end portion of the second passage portion 34A. 

[0038] As shown in Fig. 4, a distance L1 between a center of the driven 
wheel 12 and the first passage 33B is different from a distance L2 between the 
center of the driven wheel 1 2 and the second passage portion 34B. Therefore, the 
timing that the viscous fluid is supplied to the torque transmitting section 10 
through the first passage 33 is different from the timing that the viscous fluid is 
supplied to the torque transmitting section 10 through the second passage 34. 
This difference generates variations as to the operation characteristics. 

[0039] As shown in Figs. 5 and 6, the first annular projections 13 are 
concentrically formed on the other surface of the driven wheel 12. The first 
annular projections 13 constitute a part of the torque transmitting section 10. The 
first annular projections 13 are set at the same height H1 . 

[0040] Fig. 7 shows a modification of the driven wheel 12. In this 
modification, four arc-shaped recess portions 31 A for receiving the caulking 
connecting portions 27 are formed at positions corresponding to the four caulking 
connecting portions 27. This modified structure of the recess portions 31 
decreases a volume of a space of the recess portions 31 A as compared with the 
annular recess portion 31 and therefore suppresses the increase of the total volume 
of the viscous fluid. 
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[0041] As shown in Figs. 8 and 9, the rotor 9 includes a bearing hole 9a 
at the center portion thereof. A tip end portion of the drive shaft 2 is inserted to 
the bearing hole 9a and is fixed to the drive shaft 2 by enlarging a peripheral 
thereof. The second annular projections 14A constituting a part of the torque 
transmitting section 10 are concentrically formed on a surface of the driven wheel 
12 faced with the rotor 9. The second annular projections 14A are set at the same 
height H2, and the height H2 of the second annular projections 14A is generally the 
same as the height H1 of the first annular projections 13. The rotor 9 has a 
plurality of lightening or weight reducing holes 41 around the bearing hole 9a as 
shown in Fig. 8. 

[0042] As shown in Fig 1 , the valve mechanism 1 1 is fittingly set on the 
operation plate 8. The valve mechanism 11 includes a valve plate 51 for opening 
and closing the first and second holes 7 and 7A and a coiled bimetal 52 for driving 
the valve plate 51 according to the temperature thereof. The bimetal 52 is installed 
at a center portion of the cover member 23 and is connected to the valve plate 51 
through a rotation shaft 53. Therefore, when ambient temperature around the 
housing 4 and the bimetal 52 rises as high as a predetermined temperature, the 
bimetal 52 extends to rotate the valve plate 51 in a direction through the rotation 
shaft 52. By this rotation of the valve plate 51, the first and second holes 7 and 
7A are sequentially opened. On the other hand, when ambient temperature around 
the housing 4 and the bimetal 52 falls to a predetermined temperature, the bimetal 
52 is compressed to rotate the valve plate 51 in the other direction. By the reverse 
rotation of the valve plate 51, the first and second holes 7 and 7A are sequentially 
closed. 

[0043] Next, the manner of operation of the viscous fluid coupling will be 
discussed. 

[0044] When the engine is stopped, the viscous fluid is stored in the 
reservoir 5, the operation chamber 6 and a fluid storing space formed behind the 
rotor 9 become the same. When the engine E is started, the drive shaft 2 and the 
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rotor 9 are rotated by a crankshaft of the engine E. When the ambient temperature 
around the housing 4 is lower than the predetermined temperature, the valve 
mechanism 1 1 is set at a close position wherein the first and second holes 7 and 
7 A of the operation plate 8 are closed by the valve plate 51 so as to stop the 
circulation of the viscous fluid. Therefore, a flow rate supplied to the torque 
transmitting section 10 is decreased and therefore the torque transmission from the 
rotor 9 to the housing 4 is decreased so as to prevent a cooling fan from rotating. 

[0045] When the ambient temperature around the housing 4 rises as high 
as the predetermined temperature, the first and second holes 7 and 7A are opened 
by the opening operation of the valve mechanism 1 1 . Therefore, the viscous fluid 
flows from the reservoir 5 to the operation chamber 6 and the torque transmitting 
section 10, and therefore the torque transmission from the rotor 9 to the housing 4 
is established so as to rotate the cooling fan at high speed. This high-speed 
rotation of the cooling fan sufficiently cools a radiator of the engine E. 

[0046] Referring to Fig. 10, there is shown a second embodiment of the 
viscous fluid coupling 1 according to the present invention. The second 
embodiment is generally the same as the first embodiment except that the height 
H2 of the second annular projections 14B of the rotor 9 is shorter than that of the 
second annular projections 14A of the first embodiment. More specifically, the 
height H2 of the second annular projections 14B of the second embodiment is set 
from one-half to two-third of the height H1 of the first annular projections 13 of the 
driven wheel 12. The manner of operation of the viscous fluid coupling 1 of the 
second embodiment is basically the same as that of the first embodiment. 
Therefore, the explanation thereof is omitted herein. In addition to the advantages 
of the first embodiment, the second embodiment provides a further advantage. 
That is, since the second embodiment of the viscous fluid coupling 1 according to 
the present invention is arranged such that the height H2 of the second annular 
projections 14B is set from one-half to two-third of the height H1 of the first 
annular projections 13 of the driven wheel 12, the viscous fluid is further 
effectively discharged from the torque transmitting section 10 while suppressing 
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the torque transmission quantity of the torque transmitting section 10. This further 
suppresses the generation of a dragging rotation of the cooling fan at the start of 
the engine E and decreases the time for the dragging rotation of the cooling fan. 
Further, an overshoot rotation during the engine accelerating state is reduced. 

[0047] Referring to Figs. 1 1 and 12, there is shown a third embodiment of 
the viscous fluid coupling 1 according to the present invention. In this third 
embodiment, the viscous fluid coupling 1 is arranged such that the torque 
transmitting section 10 is formed at a height or level which is higher than a fluid 
level L of the viscous fluid 61 which remains in the reservoir 5 when the engine E is 
stopped. Further, the lightening holes 41 are through-holes penetrating the rotor 9 
in the thickness direction. The lightening holes 41 are formed to be located at a 
height level higher than the liquid lever L of the viscous fluid 61 during engine 
stoppage. This arrangement of the lightening holes 41 functions to prevent the 
viscous fluid 61 from flowing from the liquid storage space 52 to the torque 
transmitting section 10 though the lightening holes 41. In this embodiment the 
annular projections are denoted by 14C. The other construction of the viscous fluid 
coupling 1 of the third embodiment is the same as that of the first embodiment. 
Therefore the explanation thereof is omitted herein. 

[0048] Although the third embodiment according to the present invention 
has been shown and described such that the lightening holes 41 are formed to 
penetrate the rotor 9, it will be understood that the lightening holes 41 may be 
arranged to be blind and not to completely penetrate the rotor 9. If the lightening 
holes 41 are arranged to be blind and not to completely penetrate the rotor 9, the 
lightening holes 41 may be located at a position lower than the liquid level. 

[0049] Referring to Figs. 13 and 14, there is shown a fourth embodiment 
of the viscous fluid coupling 1 according to the present invention. The construction 
of the fourth embodiment is generally the same as that of the third embodiment 
except that the height of the second annular projections 14D of the rotor 9 is 
arranged such that the height of the diametrical or radially inner-side second 
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annular projections 14D is set as high as the height of the first annular projections 
13, and the height H3 of the diametrically or radially outer-side second annular 
projections 14D is set from one-half to two-third of the height H1. More 
specifically, the overlapped portion between the first annular projections 1 3 and the 
second annular projections 14D is varied such that an overlapped amount at the 
diametrical outer side of the overlapped portion is set from one-half to two-third of 
the overlapped amount at the inner side. With this arrangement of the fourth 
embodiment, the discharging of the viscous fluid from the outer peripheral portion 
of the torque transmitting section 10 is facilitated and quickly executed. Therefore, 
even when the outer peripheral portion of the torque transmitting section 10 is 
dipped in the viscous fluid by the stopping of the engine E, the remaining viscous 
fluid in the outer peripheral portion of the torque transmitting section 10 is easily 
discharged by starting the engine E. This suppresses the dragging rotation of the 
cooling fan. Since the other construction of the fourth embodiment is the same as 
that of the first embodiment, the explanation thereof is omitted herein. 

[0050] Referring to Figs. 15 and 16, there is shown a fifth embodiment of 
the viscous fluid coupling 1 according to the present invention. The construction of 
this fifth embodiment is also generally the same as that of the first embodiment 
except that the height H2 of the second annular projections 14E are different from 
those of the first embodiment. More specifically, the second annular projections 
14E formed on the rotor 9 are arranged such that the height H2 of the second 
annular projections 14E are gradually decreased from the inner side to the outer 
side in the diametrical direction as shown in Fig. 16. The height H2 of the 
innermost second annular projection 14E is generally the same as the height H1 of 
the first annular projections 13. The height H2 of the outermost second annular 
projection 14E is set from one-half to two-third of the height H1 . The height H1 of 
the first annular projections 13 of this fifth embodiment are constant from the inner 
side to the outer side in the diametrical direction as same as that of the first 
embodiment. 
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[0051] That is, the overlapped amount between the first annular 

projection 13 and the second annular projections 14E are gradually decreased from 
inside to outside in the diametrical direction. Therefore, the viscous fluid 
discharging function is improved toward the outer peripheral side. The other 
construction of the fifth embodiment is the same as that of the first embodiment, 
and therefore the explanation thereof is omitted herein. 

[0052] Although the first to fifth embodiments have been shown and 
described such that the first annular projections 13 are formed on the driven wheel 
1 2, it will be understood that the first annular projections 1 3 may be formed on the 
cover member 23 or the housing body member 21 as shown in the sixth to eighth 
embodiments shown in Figs. 17 to 19. Furthermore, it will be understood that the 
first and second annular projections 13 and 14(F-H) may be respectively arranged 
such that both of the height H1 of the first annular projections 13 and the height 
H2 of the second annular projections 14{F-H) are gradually decreased from inside to 
outside in the diametrical direction as shown in Fig. 20. This arrangement also 
decreases the overlapped amount between the first and second annular projections 
13 and 14F toward the outer peripheral side. 
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